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(54) Tern are Copolymers 

(57) A ternary copolymer which comprises (a) unit 
of a pdyoxyaJkytene aJkenyl ether, (b) unit of aJkenylsul- 
fonic aad, and (c) unit of a maJeic acid compound as 
essential monomer units; contains essential monomer 
units (a), (b) and (c) in amounts satisfying a relation: {(a) 
+ (b)} : (c) =» 3 : 7 to 7 : 3 by moi, and a relation: (a) : (b) 
= 1 : 5 to 99 ; 1 by mol; and has a weight-average molec- 
ular weight of 500 to 100,000. 

The copolymer is stable against hydrolysis and use- 
ful as a macromolecular surfactant 
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Description 

FIELD OF THE INVENTION 

s The present invention relates to a ternary copolymer. More particularly, the present invention relates to a ternary 

copolymer having a poJyoxyalkylene group, sutfonic acid group, and carboxyl group in side chains of the molecule. 

PRIOR ART OF THE INVENTION 

w For applications such as scale inhibitors, chelating agents, and dispersants. copolymers having carboxyl group 
alone in the molecule, such as copolymers derived from acrylic acid or maJeic acid, and copolymers having sulfonic acid 
group alone in the molecule, such as salts of pdystyrenesutfonate. have heretofore been used. However, properties of 
such copolymers having a single type of the functional group alone are not satisfactory, and various attempts have been 
made to improve the properties. For example, in Japanese Patent Application Laid Open No. Showa 59(1 984)- 176312, 

is a copolymer of potyoxyalkylene monoallyl ether and a maJeic acid monomer is disclose as a copolymer having a signif- 
icant ability to prevent formation of scale. However, the copolymers having both potyoxyalkylene group and carboxyl 
group occasionally shows insufficient property as a macromolecuiar surfactant Therefore, copolymers having other 
functional groups have been developed. 

For example, in Japanese Patent Application Laid-Open No. Heisei 7(1994)-126054, a copolymer having a poly- 

20 oxyalkyiene group, carboxyl group, and sutfonic acid group is proposed, and a copolymer of a monoester obtained by 
reaction of maletc anhydride with polyethylene glycol and sodium styrenesulfonate is disclosed. However, because the 
poJyoxyalkylene group in the sides chain is bonded to the main chain through an ester bond in this copolymer, the pdy- 
oxyaikylene group tends to be removed by hydrolysis of the ester bond, and it is difficult that the characteristic property 
of this copolymer is fully exhbited. 

25 

SUMMARY OF THE INVENTION 

Accordingly, the present invention has an object of providing a ternary copolymer having a polyoxyaJkytene group, 
sulfonic add group, and carboxyl group and stable against hydrolysis. 
30 As the result of extensive studies conducted by the present inventors to solve the above problems, it was discov- 
ered that a copolymer which has a potyoxyalkylene group, sulfonic acid group, and carboxyl group in the molecule and 
can keep the poJyoxyalkylene group with stability without elimination by hydrolysis can be obtained by using a specific 
poryoxyalkyf ene compound as the monomer. The present invention has been completed on the basis of the discovery. 
Accordingly, the present invention provides: 

35 

(t) A ternary copolymer which comprises, as essential monomer units, 

(a) unit of a potyoxyalkylene compound represented by general formula [1]: 

40 R'OfAOJnR 2 HI 

(wherein R 1 represents an alkenyl group having 2 to 5 carbon atoms, R 2 represents hydrogen, a hydrocarbon 
group having 1 to 40 carbon atoms, or an acyl group having 2 to 18 carbon atoms, AO represents an oxy- 
alkyiene group having 2 to 1 8 carbon atoms, and n represents average number of added oxyalkyiene group by 
45 moi which is 1 to 500), 

(b) unit of a sulfonic acid compound represented by general formula [2]: 

R^M 1 [2] 

so {wherein R 3 represents an alkenyt group having 2 to 5 carbon atoms or an alkenylphenyt group having 8 or 9 

carbon atoms, M 1 represents hydrogen, an alkali metal, an alkaline earth metal, or ammonium group which is 
unsubstjtuted or substituted with an organic group), and 

(c) unit of a maJeic acid compound selected from the group consisting of maieic anhydride, maleic acid, and 
salts of maleic acid, 

55 

contains essential monomer units (a), (b) and (c) in amounts satisfying a relation: {(a) + (b)} : [c) = 3 : 7 to 
7 : 3 by mol, and a relation: (a) : (b) = 1 : 5 to 99 : 1 by mol, and 
has a weight-average molecular weight of 500 to 100,000; 
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(54) Ternary copolymer 

(57) A ternary copolymer which comprises (a) unit 
of a polyoxyalkylere alkenyl ether, (b) unit of alkenytsul- 
tonic acid, and (c) unit of a maleic acid compound as 
essential monomer units; contains essential monomer 
units (a), (b) and (c) in amounts satisfying a relation: {(a) 
+ (b)} : (c) = 3 : 7 to 7 : 3 by mol. and a relation: (a) : (b) 
= 1 : 5 to 99 : 1 by mol; and has a weight-average molec- 
ular weight of 500 to 100,000. 

The copolymer is stable against hydrolysis and use- 
ful as a macromolecuiar surfactant 
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(2) A ternary copolymer which is represented by general formula [3]: 
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wherein R 2 represents hydrogen, a hydrocarbon group having t to 40 carbon atoms, or an acyl group having 2 to 
18 carbon atoms. R 4 and R 5 represent each hydrogen or methyl group, AO represents an axyaikylene group having 
2 to 18 carbon atoms, n represents average number of added axyaikylene group by mol which is 1 to 500, X rep- 
resents a hydrocarbon group represented by C m H;. m wherein m represents a number of 0 to 3, Y represents a phe- 
nylene group or a hydrocarbon group represented by CpH^ wherein p represents a number of 0 to 3, M 1 , M 2 , and 
M 3 represent each hydrogen, an alkali metal, an alkaline earth metal, or ammonium group which is unsubstituted 
or substituted with an organic group, Z 1 and Z 2 represent each hydrogen or a residue group which is bonded to an 
end of the copolymer by initiation of polymerization or chain transfer, a, b. and c represent each number of respec- 
tive constituting units by mol, a being 1 to 100, b being 1 to 100. and c being 1 to 100, the constituting units are 
bonded to each other in a random order, a. b and c satisfy a relation: {a + b] : c = 3 : 7 to 7 : 3 by mol, and a and b 
satisfy a relation: a:b = 1:5to99:1by mol; and 
(3) A ternary copolymer represented by general formula [4]: 
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wherein R 2 represents hydrogen, a hydrocarbon group having 1 to 40 carbon atoms, a an acyl group having 2 to 
1 8 carbon atoms, R 4 and R 5 represent each hydrogen or methyl group, AO represents an axyaikylene group having 
2 to 1 8 carbon atoms, n represents average number of added axyaikylene group by mol which is 1 to 500, X rep- 
resents a hydrocarbon group represented by C m Hz w wherein m represents a number of 0 to 3, Y represents a phe- 
nylene group or a hydrocarbon group represented by CpH^ wherein p represents a number of 0 to 3, M 1 
represents hydrogen, an alkali metal, an alkaline earth metal, or ammonium group which is unsubstrtuted or sub- 
stituted with an organic group, Z 1 and Z 2 represent each hydrogen or a residue group which is bonded to an end 
of the copolymer by initiation of polymerization or chain transfer, a. b, and c represent each number of respective 
constituting units by mol, a being 1 to 100, b being 1 to 100, and c being 1 to 100, the constituting units are bonded 
to each other in a random order, a, b and c satisfy a relation: {a + b} : c = 3 : 7 to 7 : 3 by mol, and a and b satisfy 
a relation; a : b = 1 : 5 to 99 : 1 by mol. 

DETAILED DESCRIPTION OF THE INVENTION 

The ternary copolymer of the present invention comprises, as the structural unit having a potyoxyaJkylene group, 
unit (a) of polyoxyalkyfene compound represented by general formula [1]: 



R 1 0{AO) n R 2 



[1] 
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In general formula [1], R 1 represents an alkenyt group having 2 to 5 carbon atoms, R 2 represents hydrogen, a 
rrydrocarbon group having 1 to 40 carbon atoms, or an acyl group having 2 to 18 carbon atoms, AO represents an oxy- 
aJkylene group having 2 to 18 carbon atoms, and n represents an average number of the added oxyalkylene group by 
mol which is 1 to 500. The ternary copolymer of the present invention may comprise a single type ol the unit repre- 
5 serrted by general formula [1] or a plurality of types of the unit represented by general formula [1] having d'rfferent R 1 , 
R 2 , AO, and n. 

Examples of the alkenyl group having 2 to 5 carbon atoms which is represented by R 1 in general formula [1] include 
vinyl group, isopropenyi group, ailyl group, methallyl group, 3-butenyt group, 2-methyl-1 -butenyl group, 3-methyl-1-bute- 
nyl group, 2-methyl-3-butenyl group, and 3-methyi-3-butenyt group. Among these groups, allyl group and methally! 
ro group are preferable. 

Examples of the hydrocarbon group having 1 to 40 carbon atoms which is represented by R 2 in general formula [1] 
include methyl group, ethyl group, propyl group, rsopropyl group, butyl group, isobutyl group, sec-butyl group, tert-butyl 
group, perrryl group, rsoperrtyi group, neopentyl group, hexyi group, heptyl group, octyt group, nonyl group, decyi group, 
undecyl group, dodecyf group, isotridecyl group, tetradecyl group, hexadecyl group, isocetyl group, octadecyf group, iso- 
f5 stearyf group, oleyl group, octytdodecyl group, docosyl group, decyttetradecyl group, benzyl group, cresyl group, butyl - 
phenyl group, dtbutytphenyl group, octylphenyl group, nonylphenyf group, dodecylphenyl group, dioctylphenyi group, 
and dinonyiphenyi group. 

Examples of the acyl group having 2 to 18 carbon atoms which is represented by R 2 in generaJ formula [1] include 
acetyl group, propionyl group, butyryl group, tsobutyrvl group, valeryl group, isovaJeryl group, pivalcyl group, hexanoyl 

20 group, octanoyf group, lauroy) group, paimrtoyl group, and stearoyl group. 

Examples of the oxyalkylene group having 2 to 18 carbon atoms which is represented by AO in general formula [1] 
include oxy ethylene group, oxypropylene group, oxybutylene group, axytetrarnethylene group, oxydodecylene group, 
oxytetradecylene group, oxyhexadecylene group, and oxyoctadecyfene group. A single type of the oxyalkylene group or 
two or more types of the oxyalkylene group may be contained When two or more types of the oxyaJkylene group are 

25 contained, the oxyalkylene groups may be arranged randomly or may form blocks. The average number of added oxy- 
alkylene group by mol represented by n is 1 to 500. When n is larger than 500, the poryoxyalkylene compound repre- 
sented by general formula [1] has an excessively high viscosity, and there is the possibility that the production becomes 
difficult 

The ternary copolymer of the present invention comprises, as the structural unit having sulfonic acid group, unit (b) 
30 of sulfonic acid compound represented by general formula [2J: 

R 3 S0 3 M 1 [2] 

In general formula [2], R 3 represents an alkenyi group having 2 to 5 carbon atoms or an alkenylphenyl group having 

35 8 or 9 carbon atoms, and M 1 represents hydrogen, an alkali metal, an alkaline earth metal, or ammonium group which 
is unsubstituted or substituted with an organic group. The ternary copolymer of the present invention may comprise a 
single type of the unit represented by general formula [2] or a plurality of types of the unit represented by general for- 
mula [2] having d'rfferent R 3 and M 1 . 

Examples of the aJkenyf group having 2 to 5 carbon atoms which is represented by R 3 in general formula [2] include 

40 vinyl group, isopropenyi group, allyl group, methallyl group. 3 -butenyl group, 2-methyf-1 -butenyl group, 3 -methyl- 1 -bute- 
nyl group, 2-methyl-3-buteny( group, and 3 -methyl -3 -butenyl group. Examples of the alkenytphenyf group having 8 or 9 
carbon atoms include vinyiphenyl group and tsopropenytphenyl group. 

Examples of the alkali metal represented by M 1 in generaJ formula [2] include lithium, sodium, and potassium. 
Examples of the alkaline earth metal include calcium and magnesium. When M 1 represents an alkaline earth metal. M 1 

45 actually represents a fictitious alkaline earth metal which is expressed as Ca 1/2 , Mg 1/Z . or the 'ike. and one atom of an 
alkaline earth metal is actually bonded to two sulfonic acid groups. Examples of the ammonium group represented by 
M 1 which is unsubstituted or substituted with an organic group include ammonium group; alkanolammonium groups, 
such as 2-rrydroxyethytammoniLjm group, di(2-hydroxyethyl)ammonium group, and tri(2-rrydroxy ethyl)- ammonium 
group; aJkylarnmonium groups, such as metrtyiammonium group, dimethylammcriiurn group, trimethylamrnonium 

so group, ethylarnmonium group, diethylanTrnonium group, and triefhytarrrnonium group; aromatic ammonium groups, 
such as aniltnium group and benzyldimethyl ammonium group; and heterocyclic ammonium groups, such as pyridinium 
group and thiazolinium group. 

The ternary copolymer of the present invention comprises unit (c) of a rnaleic acid compound which is selected 
from the group consisting of maleic anhydride, maieic acid, or salts of maleic acid. The ternary copolymer of the present 

55 invention may comprise a single type of the unit of a maleic acid cornpound or may be a copolymer comprising a plu- 
rality of types of the unit of a maleic acid compound. Examples of the salt of maleic acid include alkali metal salts of 
maleic acid, such as monolrthium maleate, dilrthium maleate, monosodium maJeate, disodium maleate, monopotassium 
maleata, and d [potassium maleate; alkaline earth metal salts of maleic acid, such as calcium maleate and magnesium 
maleate; ammonium sarts of maleic add, such as monoammonium maleate and diammonium maJeate; alkylamine salts 
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of maleic acid, such as monomethylammanium maleale, bismonomethylammonium maleate. monodimethylammonium 
maJeate, and bisdimethylammonium maleate; and alkanolamine salts of maleic add, such as 2-hydroxyethylammonium 
maJeate. bis-2-hydraxyethylammonium maleate, di(2-hydroxyethyl)ammonium maleate, and bisdi{2-hydroxye- 
thyl)ammonium maleate. 

5 The ternary copolymer of the present invention may comprise other structural units in addition to essential mono- 

mer units (a), (b), and (c) where necessary. For providing a copolymer with such other structural units, monomers copo- 
lymerizable with the compound represented by general formula [1], the compound represented by general formula [2], 
and the maleic acid compound can be copoiymerrzed. The obtained copolymer is a copolymer having four or five types 
of structural unit. However, in the present invention, copolymers comprising essential monomer unrts (a), (b), and (c) 
ro including copolymers having four or more types of structural unit are all referred to as ternary copolymers. Examples of 
the monomer copolymerizable with the compound represented by general formula [1], the compound represented by 
general formula [2], and the maleic acid compound include styrene, vinyl acetate, acrylonitrile, methacrylonitrile, acry- 
lamide, methacryfamide, acrylic add, methacrylic acid, methyl acrylate, and methyl methacrylate. 

The ternary copolymer of the present invention can easily be obtained by polymerizing the polyoxyalkylene com- 
(5 pound represented by general formula [1], the sulfonic acid compound represented by general formula [2], and the 
maleic acid compound by a solution process in water, in an organic solvent, or in a mixed solvent containing water and 
a hydrophilic organic solvent or by a bulk process without using any solvent When a compound represented by general 
formula [1] in which R z represents hydrogen is used and maleic anhydride is used as the maleic acid compound, water 
or a protic organic solvent must be used as the solvent of copolymerization. When the copolymerization is conducted 
without using the solvent, gel is formed during the reaction, and the desired copolymer cannot be obtained. In other 
cases, copolymerization can be conducted without using any solvent or by using a surtabJy selected sofvent When a 
solvent is used, examples of the solvent indude protic organic solvents and aprotic organic solvents. Examples of the 
protic organic solvent include alcohols, such as methanol, ethanol, n-propanol, isopropanol, n-butanol, sec-butanot, 2- 
methoxyethanol. and 2-ethoxyethanof; diols, such as ethylene glycol and propylene glycol; and carboxylic acids, such 
25 as formic acid and acetic acid. Examples of the aprotic organic solvent indude aromatic hydrocarbons, such as ben- 
zene, toluene, and xylene; aliphatic hydrocarbons, such as cydohexane. n-hexane, and n-octane; ketones, such as 
acetone and methyl ethyl ketone; ethers, such as diethyl ether, diisopropyt ether, diphenyl ether, tetrahydroturan, and 
dioxane; halogenated rTydrocarbons. such as cSchforomethane, chloroform, and carbon tetrachloride: acetonitrite; N.N- 
dimethylformamide (DMF); and dimethylsulfoxide (DMSO). 
30 As the polymerization initiator used for copolymerization by using an organic solvent or without using any solvent, 
an organic peroxide polymerization initiator, such as benzoyl peroxide, or an azo polymerization initiator, such as 2,2'- 
azobisisobutyronitrile. can be used. When the copolymerization is conducted in water, a polymerization initiator soluble 
in water can be used. Examples of the polymerization initiator soluble in water indude hydroperoxides, such as hydro- 
gen peroxide and tert-butyl hydroperoxide; persulfates, such as potassium persuttate; and azo compounds, such as 
3s 2,2'-azobis(2-metnytpropionamidine) dihydrochloride. A mixed sofvent containing a hydrophilic organic solvent and 
water can also be used as the solvent When a mixed solvent is used, a suitable polymerization initiator can be selected 
from the above polymerization initiators. 

A part or ail of the units of maleic anhydride in the obtained copolymer may be hydrolyzed to form units of maleic 
acid by ring opening where necessary. A part or all of the units of maleic add may be neutralized by an alkali where 
to necessary. Examples of the alkali used for the neutralization indude hydroxides, carbonates, and hydrogencarbonates 
of alkali metals, such as lithium, sodium, and potassium; hydroxides of alkaline earth metals, such as magnesium and 
calcium; alkandamines, such as monoethanolamine, diethanolamine, and triethanolamtne; alkylamines, such as metb- 
ylamine, dimethylamine, trimethylamine, ethylamine, diethylamine, and triethylamine; and ammonia A single type or a 
mixture of two or more types of the alkali can be used. 
45 As for the relative amounts of the unit of a polyoxyalkylene compound (a) represented by general formula [1], the 
unit of a sulfonic acid compound (b) represented by general formula [2], and the unit of a maleic acid compound (c) in 
the ternary copolymer of the present invention, (a), (b) and (c) satisfy a relation: {(a) + (b)} : (c) = 3 : 7 to 7 : 3, preferably 
4 : 6 to 6 : 4, and (a) and (b) satisfy a relation: (a) : (b) = 1 : 5 to 99 ; 1, preferably 1 : 2 to 10 : 1. wherein (a), (b), and 
(c) represent the amounts by mol of the unit of a polyaxyaJkylene compound (a), the unit of a sulfonic add compound 
so (b), and the unit of a maleic add compound (c), respectively. When the relative amounts of the monomer units are out- 
side these ranges, there is the possibility that the properties of the ternary copolymer as a macromolecular surfactant 
are unbalanced. 

In the ternary copolymer of the present invention, the weight-average molecular weight is 500 to 100.000, prefera- 
bly 2,000 to 50.000, more preferably 5.000 to 20.000. When the weight-average molecular weight is less than 500. there 
55 is the possibility that the satisfactory property as the macromolecular surfactant cannot be obtained. When the weight- 
average molecular weight is more than 1 00,000, the ternary copolymer has an excessively large viscosity, and there is 
the possibility that the production is not easily conducted. 

The ternary copolymer of the present invention can also has a structure represented by general formula [3] or gen- 
eral formula [4]. 
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In general formulae [3] and [4], R 2 represents hydrogen, a hydrocarbon group having 1 to 40 carbon atoms, or an 
acyl group having 2 to 18 carbon atoms, R 4 and R 5 represent each hydrogen or methyl group. AO represents an oxy- 
alkylene group having 2 to 18 carbon atoms, n represents an average number of added oxyalkylene group by mol which 

30 is 1 to 500. X represents a hydrocarbon group represented by C m H 2m wherein m represents a number of 0 to 3, Y rep- 
resents a phenyl ene group or a hydrocarbon group represented by CpH^ wherein p represents a number of 0 to 3, M 
represents hydrogen, an alkali metal, an alkaline earth metal, or ammonium group which is unsubstituted or substituted 
with an organic group. Z 1 and Z 2 represent- each hydrogen or a residue group which is bonded to an end of the copol- 
ymer by initiation of polymerization or chain transfer, a, b, and c represent each number of respective constituting units 

35 by mol. a being 1 to 100, b being 1 to 100. and c being 1 to 100, and the constituting units are bonded to each other in 
a random order. In general formula [3], M 2 and M 3 represent each hydrogen, an alkali metal, an alkaline earth metal, or 
ammonium group which is unsubstituted or substituted with an organic group. 

Examples of the hydrocarbon group having 1 to 40 carbon atoms which is represented by R 2 in general formulae 
[3] and [4] include methyl group, ethyl group, propyl group, isopropyl group, butyl group, isobutyi group, sec-butyl group, 

40 tert -butyl group, pentyt group, tsopentyt group, neopentyl group, hexyl group, heptyt group, octyl group, nonyl group, 
decyi group, undecyl group, dodecyl group, isotndecyl group, tetradecyl group, hexadecyl group, isocetyi group, octa- 
decyl group, rsostearyt group, deyl group, octyWodecyl group, docosyf group, decytletradecyl group, benzyl group, ere- 
syl group, butytphenyl group, dibutylphenyl group, octytphenyt group, nonytphenyl group dodecylphenyt group, 
dioctytphenyl group, and dinorrytphenyl group. 

45 Examples of the acyl group having 2 to 18 carbon atoms which is represented by R 2 in general formulae [3] and [4] 
include acetyl group, proptonyl group, butyryl group, isobutyryl group, valeryl group, isovaleryl group, pivaloy! group, 
hexanoyt group, octanoyi group, lauroyl group, palmrtoyl group, and stearoyl group 

Examples of the oxyalkylene group having 2 to 18 carbon atoms which is represented by AO in general formulae 
[3] and [4] include oxy ethylene group, oxypropytene group, oxybutylene group, oxytetramethylene group, cxydo- 

50 decylene group, oxytetradecylene group, oxyhexadecyfene group, and oxyoctadecylene group. A single type of the oxy- 
alkylene group or two or more types of the oxyalkylene group may be contained. When two or more types of the 
oxyalkylene group are contained, the oxyalkylene groups may be arranged randomly or may form blocks. The average 
number of added oxyalkylene group by mol represented by n is 1 to 500. When n is larger than 500, the polyoxyalkytene 
compound represented by general formula [3] or [4] has an excessively high viscosity, and there is the possibility that 

55 the production becomes difficult 

Examples of the hydrocarbon group represented by C m H2 m which is represented by X in general formulae [3] and 
[4] include methylene group, ethylene group, trimethylene group, and propylene group. When m=0. no hydrocarbon 
group is present between the poiyoxyalkylene group and the main chain, and the polyoxyalkylene group is directly 
borxJed to the main chain. Examples of the hydrocarbon group represented by CpM^ whicn is represented by Y in gen- 
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eral loriT'jIae [3] and [4] include methylene group, ethylene group, tnmethylene group, and propylene group. When p=0, 
no hydrocarbon group is present between the sulfonic acid group and the main chain, and the sulfonic acid group is 
directly bonded to the main chain. When Y represents a phenylene group, the phenylene group may be any of o-phe- 
nylene group, m-phenylene group, and p-phenylene group. 

5 Examples of the alkali metal represented by M 1 in general formulae [3] and [4] and by M 2 and M 3 in general formula 
[3] include lithium, sodium, and potassium. Examples of the alkaiine earth metal represented by M 1 , M 2 . and M 3 include 
calcium and magnesium. When M 1 , M 2 . or M 3 represents an alkaline earth metal. M 1 . M 2 , or M 3 actually represents a 
fictitious alkaline earth metal which is expressed as Ca 1/2 . Mg 1/2 , or the like, and one atom of an alkaline earth metal is 
actually bonded to two sulfonic acid groups. Examples of the ammonium group represented by M 1 , M 2 , and M 3 which 

10 is unsubstrtuted or substituted wrth an organic group include ammonium group; alkanolammonium groups, such as 2- 
hydroxyethytammonium group. di(2-hydroxyethyl)ammonium group, and tn(2-hydrrjxyethyl}arnrnonium group; alkylam- 
monium groups, such as methylammonium group, dimethylammonium group, trimethylammonium group, ethylammo- 
mum group, diethylammonium group, and tnethylammonium group; aromatic ammonium groups, such as anilinium 
group and benzyldimethylammonium group; and heterocyclic ammonium groups, such as pyridinium group and thiazo- 

J5 linium group. M 1 , M 2 and M 3 may represent the same metal or group, or different metals or groups. 

In general formulae [3] and [4], Z 1 and Z 2 represent each hydrogen or a residue group which is bonded to an end 
of the copolymer by initiation of polymerization or chain transfer. For example, -OS0 3 -group is bonded tc an end of the 
copolymer when a persulfate is used as the polymenzation initiator, and -C{CH 3 ) 2 CN group is bonded to an end of the 
copolymer when 2,2'-azobisisobutyronrtrile is used as the polymerization initiator. When acetonitrile is used as the sol- 
vent and chain transfer takes place between the reacting polymer and the solvent, -CH 2 CN group is bonded to an end 
of the copolymer. 

In the ternary copolymer represented by general formula [3] or [4] of the present invention, a, b, and c represent 
each number of respective constituting units by mol. wherein a is 1 to 100, b is 1 to 100, and c is 1 to 100. The consti- 
tuting units are bonded to each other in a random order. When a, b, or c is more than 100, the ternary copolymer has 
25 an excessively high viscosity, and there is the possibility that the production is not easily conducted. When the consti- 
tuting units are bonded to each other to form blocks, there is the possibility that the excellent property as a macromo- 
lecular surfactant cannot be obtained. 

As for the relative amounts of the constituting units in the ternary copolymer represented by general formula I3] or 
[4] of the present invention, a, b and c satisfy a relation: {a + b} : c = 3 : 7 to 7 : 3. preferably 4 : 6 to 6 : 4 by mol. and a 
3a and b satisfy a relation: a:b=1 : 5 to 99 : 1 , preferably 1 : 2 to 10 : 1 by mol. When the relative amounts of the consti- 
tuting units are outside these ranges, there is the possibility that the properties of the ternary copolymer as a macromo- 
lecular surfactant are unbalanced. 

To summarize the advantages of the present invention, because the ternary copolymer of the present invention has 
a polyoxyalkylene group, sulfonic acid group, and carboxyf group, the ternary copolymer is stable against hydrolysis and 
35 can be used in a wide range of applications, such as dispersants for coating materials, agricultural chemicals, and pig- 
ments, chelating agents, builders for detergents, macromolecular surfactants, and emulsrflers. 
The present invention is described in more detail with reference to examples in the following. 

Synthesis Example 1 

Into an autoclave, 464 g of allyl alcohol and 0.8 g of potassium hydroxide were placed. The reaction was allowed 
to proceed by adding 1 ,077 g of ethylene oxide into the autoclave under a nitrogen aimosphere at 1 20°C under a gauge 
pressure of 0.5 to 3.0 kgf/cm 2 during 3 hours, and then the reaction was continued for 1 hour at 120*C. The residual 
ethylene oxide was removed from the reaction product under a reduced pressure. The obtained reaction product was 
45 neutralized with 6N hydrochloric acid. Water was removed from the neutralized product under a reduced pressure, and 
the precipitated salt was separated by filtration to obtain 1 ,525 g of polyoxyalkylene compound (A) shown in Table 1 . 

Synthesis Example 2 

so Into an autoclave, 1 16 g of allyl alcohol and 0.6 g of potassium hydroxide were placed. The reaction was allowed 
to proceed by adding a mixture of 453 g of ethylene oxide and 597 g of propylene oxide into the autoclave under a nitro- 
gen atmosphere at 120°C under a gauge pressure of 0.5 to 3.0 kgf/cm 2 during 4 hours, and then the reaction was con* 
tinued for 1 hour at 120°C. The residual ethylene oxide and propylene oxide were removed from the reaction product 
under a reduced pressure. The obtained reaction product was neutralized with 6N hydrochloric acid. Water was 

55 removed from the neutralized product under a reduced pressure, and the precipitated salt was separated by filtration to 
obtain 1.143 g of polyoxyalkylene compound (B) shown in Table 1. 
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Synthesis Example 3 

Into an autoclave, 23 g of ethanol and 1 .8 g of potassium hydroxide were placed. The reaction was allowed io pro- 
ceed by adding 1 ,812 g of ethylene oxide into the autoclave under a nitrogen atmosphere at 1 20°C under a gauge pres- 

s sure of 0.5 to 3.0 kgf/cm 2 during 6 hours, and then the reaction was continued for 1 hour at 120*0. The residual 
ethylene oxide was removed under a reduced pressure. To the obtained product, 56 g of potassium hydroxide was 
added, and the resultant mixture was treated under a reduced pressure at 120°C for 3 hours. Then. 57 g of aJIyl chloride 
was added at 1 20"C under a gauge pressure of 0.5 to 2.0 kgf/cm 2 during 2 hours, and then the reaction was continued 
for 2 hours at 120°C. The liquid part was taken out and neutralized with 6N hydrochloric acid. Water was removed from 

jo the neutralized product under a reduced pressure, and the precipitated salt was separated by filtration to obtain 1 ,727 
g of polyoxyalkylene compound (C) shown in Table 1 . 



Synthesis Example 4 

By the same procedures as those conducted in Synthesis Example 3 except that 14.5 g of altyf alcohol in place of 
ethanol used in Synthesis Example 3, 1 .420 g of ethylene oxide, 28 g of potassium hydroxide, and 71 g of methyl iodide 
in place of allyl chloride used in Synthesis Example 3 were used, reaction was carried out to obtain 1 .309 g of polyoxy- 
alkylene compound (D) shown in Table 1 . 



20 Synthesis Example 5 

By the same procedures as those conducted in Synthesis Example 3 except that 32 g of methanol in place of eth- 
anol used in Synthesis Example 3, 1,346 g of ethylene oxide, 1 12 g of potassium hydroxide, and 1 15 g of allyl chloride 
were used, reaction was earned out to obtain 1 ,350 g of polyoxyalkylene compound (E) shown in Table 1 . 

25 

Synthesis Example 6 

Into an autoclave, 120 g of acetic acid and 2.0 g of potassium hydroxide were placed The reaction was allowed to 
proceed by adding 476 g of 1 ,2-butylene oxide into the autoclave under a nitrogen atmosphere at 1 20°C under a gauge 

30 pressure of 0.5 to 3.0 kgf/cm 2 during 3 hours, and then the reaction was continued for 2 hours at 120 B C. The residual 
1 ,2-butytene oxide was removed from the reaction product under a reduced pressure. Then, the reaction was allowed 
to proceed by adding 1 ,346 g of ethylene oxide to the obtained product under a nitrogen atmosphere at 120° C under a 
gauge pressure of 0.5 to 3.0 kgf/cm2 during 4 hours. After the reaction was continued for addrbonaJ 1 hour at 120 o C, 
the residual ethylene oxide was removed from the reaction product under a reduced pressure. To the obtained product, 

35 224 g of potassium hydroxide was added, and the resultant mixture was treated under a reduced pressure at 1 20°C for 
3 hours. Then, 256 g of methallyl chloride was added at 120°C under a gauge pressure of 0.5 to 2.0 kgt/cm 2 during 2 
hours, and the reaction was continued for additional 2 hours at 120°C. The liquid part was taken out and neutralized 
with 6N hydrochloric acid. Water was removed from the neutralized product under a reduced pressure, and the precip- 
itated salt was separated by filtration to obtain 1 .521 g of polyoxyalkylene compound (F) shown in Table 1 . 

40 The structure, the hydroxy! number, and the degree of unsaturation of polyoxyalkylene compounds (A) to (F) 
obtained in Synthesis Examples 1 to 6 are shown in Table 1. 



45 
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Table 1 





poiyoxyalkylene compound 


hydroxy! value 
(KOHmg/g) 


degree of unsatu ra- 
tion (meq/g) 




No. 


structure 






Synthesis Example 1 


(A) 


CH 2 =CHCH 2 0-{EO) 3 -H 


295 


5.26 


Synthesis Example 2 


(B) 


CH 2 =CHCH 2 0-[(EO)5/{PO)5]-H 


98.7 


1.76 


Synthesis Example 3 


<C) 


CH 2 =CHCH 2 0-(EO) 8 ( r C 2 H 5 


0.19 


0.28 


Synthesis Example 4 


(D) 


CH 2 =CHCH 2 OHEO) 12 3^CH 3 


0.11 


0.18 


Synthesis Example 5 


(E) 


C^CHCH^O-CEOlao'CHa 


0.06 


0.72 


Synthesis Example 6 


(F) 


CH2 C C{CH3)CH 2 0-{EO) 15 -(BO}3-COCH3 


0.17 


1.01 


Notes: 

EO: oxyethytene group; PO: oxypropylene group; BO: oxytxrtylene group. 
[/] shows random addition of the two units in [ ]. 



Example 1 

25 

In a tour-necked flask equipped with an inlet tor nitrogen gas, a stirrer, a ther mometer, and a condenser, 380 g of 
poiyoxyalkylene compound (A) obtained in Synthesis Example 1, 288 g of sodium aJlylsurfonate. 487 g of maleic acid, 
and 228 g of ammonium persulfate as the polymerization initiator were placed by weighing, and 925 g of water was 
added to the mixture in the flask as the solvent The reaction was allowed to proceed in the resultant solution under a 
jo nitrogen atmosphere at 50° C tor 12 hours to obtain an aqueous solution of ternary copolymer (1) of poiyoxyalkylene 
compound (A), sodium allyl sulfonate, and maleic acid. 

Example 2 

35 By the same procedures as those conducted in Example 1 except that 852 g of poiyoxyalkylene compound (B) 
obtained in Synthesis Example 2, 103 g of sodium styrenesuHonate. 276 g of monosodium maleate, 135 g of potassium 
persulfate, and 910 g of water were used, polymerization was carried out to obtain an aqueous solution of ternary 
copolymer (2). 

*o Example 3 

In a flask of the same type as that used in Example 1 . 902 g of poiyoxyalkylene compound (C) obtained in Synthe- 
sis Example 3, 72 g of sodium allyisulfonate, 98 g of maletc anhydride, and 3.28 g of 2,2' azcjbisisobutyronrrnle as the 
pdymerization initiator were placed by weighing, and 360 g of toluene was added to the mixture in the flask as the soi- 
45 vert. The reaction was allowed to proceed in the resultant solution under a nitrogen atmosphere at 70°C for 3 hours. 
The reaction mixture was then healed to 80°C, and the reaction was continued at this temperature for 3 hours. Then, 
toluene used as the solvent was removed at 1 1 0"C under a reduced pressure (1 0 to 30 mmHg) to obtain ternary copol- 
ymer (3). 

50 Example 4 

By the same procedures as those conducted in Example 1 except that 1 .097 g of poiyoxyalkylene compound (D) 
obtained in Synthesis Example 4, 28.8 g of sodium allyisulfonate. 29.4 g of maleic anhydride. 22.8 g potassium persul- 
fate, and 785 g of water were used, polymerization was carried out to obtain an aqueous solution of ternary copolymer 

55 (4). 

Example 5 

By the same procedures as those conducted in Example 3 except that 1,044 g of poiyoxyalkylene compound (E) 
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obtained in Synthesis Example 5, 108 g of sodium allylsurfonate, 245 g of maleic anhydride, 5.2 g of styrene, 14.5 g of 
benzoyl peroxide, and 200 g of acetonririle were used, polymerization was carried out to obtain ternary copolymer (5). 

Example 6 

!n a flask of the same type as that used in Example 1 . 990 g of polyoxyalkylene compound (F) obtained in Synthesis 
Example 6. 7.9 g of sodium methaltylsurfonate, 78.4 g of maleic anhydride, 43 g of vinyl acetate, and 8.54 g of tert-butyl 
peraxy-2-ethylhexanoate were placed by weighing. The reaction was allowed to proceed under a nitrogen atmosphere 
at 80°C for 3 hours. The reaction mixture was then heated to 90°C. and the reaction was continued at this temperature 
for 5 hours to obtain ternary copolymer (6). 

The amounts by mol of the monomers and the polymerization initiator and the type of the solvent used in the polym- 
erization reaction in Examples 1 to 6 are shown together in Table 2. 



Table 2 - 1 





pdyoxyaJkylene compound 


sulfonic acid compound 


maleic acid monomer 




No. 


amount (mol) 


type 


amount (mol) 


type 


amount (mol) 


Example 1 


(A) 


2.0 


NaAS 


2.0 


maleic acid 


4.2 


Example 2 


(B) 


1.5 


NaSS 


0.5 


Na maleate 


2.0 


Example 3 


(C) 


0.25 


NaAS 


0.5 


maleic anhydride 


1.0 


Example 4 


(D) 


0.2 


NaAS 


0.2 


maleic anhydride 


0.3 


Example 5 


(E) 


0.75 


NaAS 


0.75 


maleic anhydride 


2.5 


Example 6 


(F) 


1.0 


NaMS 


0.05 


maJeic anhydride 


0.8 



Table 2 ■ 2 





other monomer 


polymerization inrbator 


solvent 




type 


amount (mol) 


type 


amount (mol) 




Example 1 






APS 


1.0 


water 


Example 2 






PPS 


0.5 


water 


Example 3 






AIBN 


0.02 


toluene 


Example 4 






APS 


0.1 


water 


Example 5 


styrene 


0.05 


BPO 


0.06 


acetonrtrile 


Example 6 


vinyl acetate 


0.5 


BPEH 


0.04 


not used 


Notes: 

NaAS: sodium aJtylsurfonate; NaSS: sodium styrenesurfonate; NaMS: sodium methaJtylsutfonate; Na maleate: 
monosodium maleate; APS: ammonium persuffate; PPS: potassium persurfate; AIBN: N,N'-azobisisobutyronrtrile; 
BPO: benzoyl peroxide; BPEH: tert-butyl peroxy-2-ethylhexanoate 



The estimated skeleton structure, the weight-average molecular weight obtained by the GPC method, and the kin- 
ematic viscosity of obtained ternary copolymers (1) to (6) are shown in Table 2. The kinematic viscosity was measured 
by using a 60 % by weight aqueous solution for ternary copolymers (1), (2), and (4). 
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Table 3 - 1 



No. estimated skeleton structure 

of obtained copolymer 



weight-av. kinematic 
mol.-wt. viscosity 
[cSt] 
(temperature) 



Example 1 (1) 



-CH-CH 2 
CH 2 

0(EO) 3 Hj 



21 



CH-CHo 
I 

CH 2 
SO^Na 



21 L 



-cn-CHj- 
l I 



o=c c=o 
I I 

OH OH 



44.1 



11,320 



422 
(25°C) 



Example 2 (2) 

4CH-CH, 



I 

0[(EO) E /(PO),IH 



-CH-CH- 



ZJ2. 



■CH-CH^r- 



o=c c=o 

4h 



ONa OH 12J3 



7,620 



324 
(25°CJ 



Example 3 (3) 

4CH-CH 7 
I 

CH 2 



CEO) 80 C 2 H 5 



1.7 



CH-CH- 
i 

CH 2 
I 

S0 3 Na 













o' 


-3.4 





-CH — CU- 

A k 



6.8 



7,220 



156 
(10(TC) 



Notes: EO: oxyethylene group; PO: oxypropylene group 
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Table 3 - 2 



No. estimated skeleton structure 

of obtained copolymer 



weight-av. kinematic 
mol.-wt. viscosity 
fcSt] 
(temperature) 



Example 4 (4) 



~CH-CH 2 



OCEOJ^CHa 



2.6 



CH-CH 2 

1 

CH 2 

S0 3 Na 



2.6 



-CH-CH 



ha. ha. 



3.9 



15,310 



654 
(25°C) 



Example 5 (5) 



--CH-CH 2 

CH 2 



5.5 



CH-CH 2 

CH 2 

SO,Na 



-CH-CH- 

A 4 



CH-CH- : — 



0.S5 



10,170 



239 
ClOO'C) 



Example 6 (6) 



CH, 

I 3 
— C-CH 2 
I 



CKEO) 15 (BO) 3 CCH 3 



I 3 
C-CH- 
I 

CH, 
1 

S0 3 Na 



— CH — CH - 
I 1 



-CH-CH, ~ 

I 

O 

I 

c=o 
I 

CH 3 



0.8 



8,940 



203 
(100°C) 



Notes; EO; oxyethylene group; BO: 1,2-oxybutylene group 



55 Claims 

1 . A ternary copolymer which comprises, as essential monomer units. 

(a) unit of a potyoxyalkyiene compound represented by genera! formula [1 ; : 
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R 1 0(AO) n R 2 (1] 

{wherein R 1 represents an alkenyl group having 2 to 5 carbon atoms. R 2 represents hydrogen, a hydrocarbon 
group having 1 to 40 carbon atoms, or an acyl group having 2 to 18 carbon atoms. AO represents an oxy- 
alkylene group having 2 to 18 carbon atoms, and n represents average number of added oxyalkylene group by 
moJ which is 1 to 500). 

(b) unit of a sulfonic acid compound represented by genera) formula [2j: 

R 3 S0 3 M' p] 

(wherein R 3 represents an alkenyl group having 2 to 5 carbon atoms or an alkenytphenyl group having 8 or 9 
carbon atoms. M 1 represents hydrogen, an alkali metal, an alkaline earth metal, or ammonium group which is 
unsubsttuted or substituted with an organic group), and 

(c) unit of a maieic acid compound selected from the group consisting of maJeic anhydride, maleic acid, and 
satts of maleic acid; 

contains essential monomer units (a), (b) and (c) in amounts satisfying a relation: ((a) + (b)} : (c) = 3 : 7 to 
7 : 3 by mol, and a relation: (a) : (b) = 1 : 5 to 99 : 1 by mol; and 
has a weight-average molecular weight of 500 to 100,000. 

2. A ternary copolymer which is represented by general formula [3]; 



'r 4 

I 

C-CH 2 - 
I 

X 



0(AO) n R 2 



r R 5 
I 

C-CH 2 
i 

Y 

SO.M 1 



CH- 



- CH 

1 9 ' 3 

COOM 2 COOM 3 



[3] 



wherein R 2 represents hydrogen, a hydrocarbon group having 1 to 40 carbon atoms, or an acyl group having 2 to 
18 carbon atoms, R 4 and R 5 represent each hydrogen or methyl group, AO represents an oxyalkylene group having 
2 to 18 carbon atoms, n represents average number of added oxyalkylene group by mol which is 1 to 500. X rep- 
resents a hydrocarbon group represented by C m H 2m wherein m represents a number of 0 to 3, Y represents a phe- 
nylene group or a hydrocarbon group represented by C p H 2p wherein p represents a number of 0 to 3, M 1 . M 2 , and 
M 3 represent each hydrogen, an aJkali metal, an alkaline earth metal, or ammonium group which is urtsubstrtuted 
or substituted with an organic group. Z 1 and Z 2 represent each hydrogen or a residue group which is bonded to an 
end of the copolymer by initiation of polymerization or chain transfer, a, b, and c represent each number of respec- 
tive constituting units by mol, a being 1 to 100, b being 1 to 100, and c being 1 to 100, the constituting units are 
bonded to each other in a random order, a, b and c satisfy a relation: [a + b} : c = 3 : 7 to 7 : 3 by mol, and a and b 
satisfy a relation: a : b = 1 : 5 to 99 : 1 by mol. 

3. A ternary copolymer represented by general formula [4]; 
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~R 4 
Z 1 — C-CHo 




C-CH 2 



CH-CH 



X 



Y 




0(AO) n R 2 



a 



S0 3 M 



Jb 



0 



0 



c 



... [4] 



wherein R 2 represents hydrogen, a hydrocarbon group having 1 to 40 carbon atoms, or an acyl group having 2 to 
1 8 carbon atoms, R 4 and R 5 represent each hydrogen or methyl group, AO represents an oxyaJkylene group having 
2 to 18 carbon atoms, n represents average number of added oxyaJkylene group by mo) which is 1 to 500, X rep- 
resents a hydrocarbon group represented by CmH^ wherein m represents a number of 0 to 3, Y represents a phe- 
nylene group or a hydrocarbon group represented by CpH^ wherein p represents a number of 0 to 3. M 1 
represents hydrogen, an alkali metal, an alkaline earth metal, or ammonium group which is unsubstituted or sub- 
stituted with an organic group, Z 1 and Z 2 represent each hydrogen or a residue group which rs bonded to an end 
of the copolymer by initiation of polymerization or chain transfer, a, b, and c represent each number of respective 
constituting units by moi, a being 1 to 100, b being 1 to 100, and c being 1 to 100. the constituting units are bonded 
to each other in a random order, a, b and c satisfy a relation: {a + b} : c = 3 : 7 to 7 : 3 by mot. and a and b satisfy 
a relation: a:b=1 :5to99:1by mol 
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(54) Ternary copolymer 

(57) A ternary copolymer wfiich comprises (a) unit 
of a potyoxyalkylene alkenyt ether, (b) unit of alkenyteut- 
forric acid, and (c) unit of a maleic aod compound as 
essential monomer units; contains essential monomer 
units (a), (b) and (c) in amounts satisfying a relation: {(a) 
+ (b)] : (c) = 3 : 7 to 7 : 3 by md. and a relation: (a) : (b) 
* 1 : 5 to 99 : 1 by moJ; and has a weight-average molec- 
ular weight of 500 to 100.000. 

The copolymer is stable against hydrolysis and use- 
ful as a macromolecular surfactant 
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